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added, the binding of PARP to nucleosomes activates
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nucleosomes (Figure 7E of Kimet al. [2004]). The binding
of PARP to a nucleosome array, like the binding of H1,
increases the nucleosomal repeat length, increases theThe Ways of PARP
sedimentation constant and thus the compactness of
the array, and is presumably unfavorable to gene ex-
pression. By immunostaining polytene chromosomes,
Two papers in this issue of Cell describe two roles Kim et al. (2004) show that PARP and H1 chromosomal
of poly(ADP-ribose) polymerase (PARP) in modulating binding sites are nonoverlapping: chromatin-dense
chromatin structure: as a structural component re- band regions contain H1, while PARP is found in less-
placing linker histone (Kim et al., 2004) and as a con- condensed regions. Both are distinct from the binding
stituent of a corepressor complex poised to dismiss sites of active RNA polymerase. Thus, PARP-associated
repression upon receipt of an activating signal (Ju et chromatin is transcriptionally repressedbut in a different
al., 2004). state from the silent and condensed H1-bearing chro-
matin of chromosome bands.What is the nature of these
Poly(ADP-ribose) polymerase-1 (PARP-1) is one of the PARP-associated chromosome regions? The fact that
more unusual enzymes known to molecular biologists. they do not correspond to visibly condensed chromo-
It is a highly abundant protein that, when activated, some bands suggests that PARP might be more nar-
begins to sprout multiple long chains of polymeric ADP rowly localized, but how its binding to chromatin is regu-
ribose (PAR) as well as to grow them onto neighboring lated remains unclear. Another interesting question is
proteins. This consumes vast amounts of energetically what prevents PARP catalytic activity, which would im-
expensive NAD, but it is also self-limiting since PARP mediately release it from the chromatin or even dissoci-
auto-PARylation inhibits its own enzymatic activity. Its ate the nucleosomes themselves. The authors suggest
best-known mode of activation is by binding to double- that thismight be achievedbymaintaining a lowconcen-
strand breaks in DNA, a mode utilized in the nucleus at tration of nuclear NAD. A nuclear enzyme that synthe-
sites of DNA damage. Thus, much of the literature on sizes NAD fromATP and nicotinamidemononucleotide
PARP has been devoted to its role in DNA repair (for is nicotinamide mononucleotide adenylyl transferase
reviews, see D’Amours et al. [1999], Kraus and Lis [2003]). (NMNAT). NMNAT-1 might be either recruited by activa-
Recently, increasing evidence has implicated PARP-1 tors or switched on by an activating signal. Interestingly,
in a wide range of nuclear processes regulating chroma- in vitro, NMNAT-1 appears to interact with PARP, reduc-
tin properties and gene activities in many physiological ing its enzymatic activity (Schweiger et al., 2001). Kim
and developmental pathways. Studying the Drosophila et al. (2004) show that PARP activity is also inhibited by
PARP protein, Tulin and Spradling (2003) found that it is ATP, suggesting that high local ATP and interaction with
broadly distributed in the euchromatic arms of polytene NMNAT-1 might keep PARP quiescent. A signal such as
chromosomes. At most sites, PARP is inactive, but its phosphorylation might activate NMNAT-1, initiate NAD
enzymatic function is required at sites of massive tran- production, and reduce local ATP levels. This would
scriptional activation such as ecdysteroid-induced puffs, enable PARylating activity and eventually release PARP
heat shock-induced puffs, or the nucleolus. When PARP from chromatin.
It appears that both the catalytic functions of PARPenzymatic activity is inhibited, puffing, the complete lo-
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Figure 1. Two-Stage Activation of the MASH1
Gene
(A) MASH1 is repressed by the TLE1 complex
targeted by the DNA binding HES1 protein.
(B) Activation is triggered by a phosphoryla-
tion cascade that modifies both PARP and
HES1.
(C) PARP becomes enzymatically active and
PARylates itself and components of TLE1,
which promptly dissociate.
(D) Phosphorylated HES1 is switched to the
transcription activation mode; recruits co-
activators, including histone acetylase CBP;
and stimulates transcription of MASH1.
must be strictly controlled in terms of activity, whether binds to the corepressor complex to an activator able
to recruit histone acetylases and stimulate transcription.it preferentially targets PARP itself or other proteins and
whether straight or branched chains are synthesized. In this remarkable chain of events, PARP serves roles
both in repression and activation. Is this behavior repre-Some proteins, such as NMNAT-1, are immune to PARy-
lation, and others are preferred targets, but PARP itself sentative of the structural role of PARP postulated by
Kim et al. (2004)? In the MASH1 gene, PARP is associ-is by far its own favorite target. PARP-associated chro-
matin appears then to be in a silent state, at least locally atedwith specific complexes bound to target sequences
rather than to generic internucleosome linkers. Couldcondensed, but poised to release PARP’s pent-up activ-
ity and spring to life when some critical signal is re- this serve as a trigger for other PARP molecules bound
to internucleosome linkers in the surrounding chromatinceived. This presupposes a regulatory complexity of
which we are entirely ignorant. that, upon activation, would then decondense the entire
region? PARP is turning out to be another of the manyOr not entirely. In a second paper in this issue of Cell,
Ju et al. (2004) give us a glimpse of one regulatory circuit global chromatin-modifying activities, like acetylases,
deacetylases, and methylases, that can also be re-in which PARP plays a dual role as a component of
a repressive complex that is also essential for gene cruited specifically, modulating the structure of chroma-
tin and its response to external signals.activation. Ju et al. (2004) describe the regulation of the
proneural geneMASH1, necessary for the differentiation
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Its presence contributes to the repressive function of
TLE1, although other components also make indepen- Selected Reading
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plex, and dismisses it from the MASH1 gene (Figure
Tulin, A., and Spradling, A. (2003). Science 299, 560–562.1). Remarkably, neither HES1 nor PARP are dismissed.
PARP’s enzymatic activity is needed to dissociate the
TLE1 complex but does not affect HES1. Somehow,
although auto-PARylated, PARP does not dissociate
from the MASH1 promoter but remains bound together Towards a Splicing Code
with HES1. Both are needed to activate MASH1 tran-
scription. Phosphorylation is the trigger for the two-
stage process of MASH1 derepression and activation.
A combination of experimental and bioinformatics ap-In vitro, PARP does not require phosphorylation for its
proaches leads Burge and colleagues (Wang et al.,enzymatic activity, but it is likely that, in the corepressor
2004 [this issue of Cell]) to a global view of how ancomplex, phosphorylation releases it from inhibition.
HES1 phosphorylation converts it from a repressor that RNA segment may be selected or avoided in mature
